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(57) Abstract: 

PROBLEM TO BE SOLVED: To effectively blocking 
injection of a current to an end surface, by performing 
solid-phase diffusion of dopant from a lll-V compound 
semiconductor layer containing Zn or the like of high 
concentration. 

SOLUTION: An N-type GaAs buffer layer 2, an N-type 
ln 0 .5(Ga 0 . 3 AI 0 7 ) 0 5 P clad layer 3, an active region 4, a 
P-type ln 05 (Gao3Ab.7)o.5P clad layer 5, a P-type 
li\) 5 Gao 5 P easy conduction layer 6 and an N-type GaAs 
cap layer 7 are formed in order on an N-type GaAs 
substrate 1. Stripe-shaped Si0 2 8 is deposited in 
parallel to an end surface of a resonator, and the cap 
layer 7 and the easy conduction layer 6 are etched by 
using the Si0 2 8 as a mask. A P-type GaAs layer 9 doped 
with Zn is selectively grown and annealed, and Zn is 
diffused to the intermediate point of the N-type 
lno.5(GaaaAk 7 )o.5P clad layer 3. When the Zn 
concentration of the P-type GaAs layer 9 Is at least 
2x1 0 18 cm" 3 and the thickness of the layer is at least 
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It* »fflE82!£®I!©y7y Kl<t*)'h$vv<y K¥ 

3jtm®<0^ 5 y FlJfc *) *>/<y F¥-r rfWbH < WIE 
SB2$mM©=»>'y-y HJ;n^K*t^*** 
v*IB2i»tt§!©iitt£&®£, 5r<iA N JiB^u-? 

fi.oJfflfc& 2 igftHoy 7 5/ Fl t IttBa 

yyy FSire&Esvyy niwKc, fijneas^s 
[ft#s 2 ] fiiig^sgft u— if g(t<oBfrf2«gffifc- «t # -e 

iffiE&®l£li, ifflEl'" f ftO^^-J; !) tiliVM 

3 ] afFiaffittii±, 7 y fi <t *> t>/< v 

K^f-\r y7*#/h£^#Fl itirE? 7 y K1J: *) 
F¥y y 7feh& < BIJIS^FIJ; 9 V<v F*-f y:/# 
v i: ro#l*it*» f, fc 5 #F«it£ 
r t Ztmt 1 * fctt 2 

F¥+ y £ l *#F« i tflEy 7 y Fg J: !> t> 
F¥+ y7*#/h£ < i(|E#FlJ: 0 fcXV F¥-r yT» 
■k * v %feg£ t <D^l«i|*> f> * £M*#F»i§ 

* , Mft£mm*#J 3 m%<Dm'<y f*-v y 7\t o t 

< fl&Ey 7 y Kg J; U /hSV v<v F¥-r yz/Sr^rt 
Sfttf^Fgi, ££"f5 r i t-f 1 ~ 

2 ©v>-r i iic&Mw#m# u— mm. 

IIS#«5] WEST 2 7 y Fgtt. g&|Bl^— 

LT«$£fifc «/ y i?* h 7-C 7"*^r-f -5 w i Sr#{Si 
•T5II*« 1 ~ 4 <0l»f 1 olCiEft^iift t^-if 

6 ] B^E^ 2 »Si!»^ 7 7 KS0589E !/ y 

ti*ti&M $ nr/f 5 c fe * t + 2> 5 E«*> 



111*971 «IEfk^^»frS«li, GaAs^P>/£ 
9, 

BilE^ 1 7 y FA t WEffittl ffilE^ 2 « 

i®^7yKSli, UGaAlP|ttW>?,<c5; 
£ t5!S*JS 1 - 6 (D^-Tixfr 1 oliE«Oi|i 

yFSi. SttSt. m2«mS©^7yFJit, SUE 
8 2 j$«!tf>7 7 y Fg<t 9 t>^^> F^f-y y T'O/hS^ 

<iS1-5lSi> fitrE»SX05-t<OjS»Si5©tt±t*J^T 
fitrElS«SSS:S^W»^y^>m*L, MESS 2 
$S3>y7y FlSr*S»CRtti$-fr5lS£, 

WEsta^-B-fcfiirE^ 2 mmmof ? y f® t wee© 

yFli. flr&li:, »2*^!ro^5y FSt, fitlE 
^2««S<0^ 7 y F®<t !J t>^^ F=¥-Y y7•<D/^^c^^ 
IB 2 »SS<oa«gai t trlHKttl tfc =-/n^ 
fiSH-SlSi, Mn»Sr*1-5^^^«r«(IEiia»Sl 

< k hmm p spicsta ufc^E ^ ±ic z 

n *5 2 X 1 0 18 c m -3& _k F- tT V 9 $ ivfc p a 1 1 1 - 

€ h fifTE^ 1 7 7 y FS fc tc Z n SrW^fe©: $ 

(SE-^ ^ y <0MEM P SS $ fix v >fc&5# SrSIW 5 
J: 5 UWE^rcwNSr^l-S rirlci*) B5E«E^ 

ft. 

SB 2 i£tS!c5 y 9 y F* «t 0 1 /< V F=¥+ y 7•0/J^ $ l » 

ib 2 mm.nmm$,m t m&ms iitt*-^&r* 

13 R SBfcrfS v7 y *ffiEji«gJtJ|ff>±£#j&1- 5 
WE^^ y OfttllE^ p gi5?ra: 5, r t IC J; »J flft 

«Sy?y Flt«U**«xai:, 
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'Pb< k tWla-ex^oflSiKMpgc^Btti LfcM£$2 
SimSO^ 7 s/ Kl<0^®JttCZ n *5 2 x l 0 18 c m-3 

7 y KS t K Z n 5 XSfc , 

J: 5 KIMS* x-/N«r»fM-6 r. i J; ») flij!EffiiE£»& 

r k &mktz*mttu~ mmnmn 

m. 

fcfcJ:0. B5K p SlI I - V&{t&®*mm> h 

2 yy YMk MC&ttff t fltSEg 1 $mS<Z> 

«r#«t-f5ffl*Jg9*fcttl 0|cBftO¥*#l'— !f 

[st#« 1 2i ft5Epani-v^{k^^^«<oi 

ffli, 0. 2/imW±-efc5»Sr#Sit-t-5fS*99~ 

1 1 ov vf i oKBtoi|y»ww— «f|6B©»3t* 

[IS#«1 3] fi(lEpaiII-VKIk^i|i»«:ll±, 
Ga AsA>fefc5ri:£fti8t-t5!S#JS9->-l 2<AV> 

i:Sr#jaf:i-5fS*59~l 3<0V>-fiia»l ofcEfeO 
tSri*»t1-Sffi*«l 5E*4>¥tt#i'-irStt0li 

* 7 v b'%v*ftsuz-chz z k m&k-rzftim. i 

5 Z1t\± 1 6 KEfcOiNlfri— - f^l<0|!!jt*fc 
ISI*«1 8 J ifflE^-X^l, GaAsH45:ii 
#{Si-f5SS*«l 5~1 7<0^-fn^lO|C|E«<0i)i 

[§a#isi9i P an i - vg^^^s wj&a 

4 Vy4 KSftfiEftS, ?P7-f KftftjfcgS:, 

9 ~ 1 8 m^-fixfr l ocelot u— if m 
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tirtZTMk. 

'>ti < k tlffiE^T. 9 <omm PSBIcBffi LfcBUE 1 ?! 
-/N(O^E±lCZn*5 2X 1 Ol8 C m-3^±K-tf>'y' 

aie p sii 1 - vmt&<to*m# & me * * it 

Zn5rttffic$-fr5iSi:, 

i*#»£-f $»#«2 0E«V>in-V8=fc£-fe¥i* 
[ffi#«2 2] M2T=-/^Sli, Sfc 

%&$#+z%®is.<pvmz h,z> z k bftrnk-t sat* 

«2 lEtt©lll-V«5ft-g-fe#««:*^<0KJg*jfe. 

[»w©8*ih*iwu 

[000 1] 

w— IfSIBRV-troKit^fe^^^lciii-vKfl:^ 
[0002] 

IftJfccD&ffil III-V»MIHMfcJ|a»»3lHFtt. «3t^ 

^5**^4 k <r>%f *4 * h i> v ^tmmm h 7 > 

[0003] MO (Mage n etic-optical) 7 s 4 X t> 

^DVD (Digi tal-versati le-Disk) ft HOHtf-i *9<f) 
\hh-m%ffi.k LT\ 3 0 mWSl±0%mtJ<0°I&% 

flew— if-eii. fOfflStfflffi-C7tttl73«BS75S 
±*s^ r k £ i. *) , !HM#£Mg|t L^fiS^iia-r$ 

Jt^tt^E (Catastrophic Optical Damage: COD) 

izzQmmktcox^z, iocoDii. ^m^—f 

w-ifoigffilcw— ifjto^^/w^-,}: o v<> K^-t 
.y7-i*/w^-A5^#^iti.*«:15rK(th,«. W-ifJt 

f)i<Wm-ccoD^gcP)<c<ii5. rcoi 
»ftt rgtfliatu— if j iWhtfc?, i&itHTj 
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[ooo4i ^o£?tj:mmi'-if<ommmim* 

LfcXiRt LTIi. 0iJx.tfIEEEJourna 1 o 
f Quantum Electronics, Vo 
1 . 2 9, No. 6, p 1 8 7 4-1 8 7 9 (1 9 9 

3) *^if5r.i^-c#5. ®zmm*ztix^zii 

U -t<OS<OT=-/H^ < t»)ZnO*»t)Zn (ffifS) £ 

r^felcfcv^Ttt. ZnanfcgrraS&Stt. t--a> 
m k 7--jum&<»Wc ± »> fc£ o -Cv xfc. 
(00051 

[38"Pia5«¥fcL«fc9i:1-*KBl LA»L. ftMKrJMt 
J:(?ai<ZnSrl£e:-r5fcJ6IC T=-;w® 
S*±fffc»), 7=-/^SrS<1-5i, titiZ 
n# K-^V^SJv-CV'fcf-aiftW'— !fOpS!^7S' K 
EA^&^KZnro&gb}ijgf-CL*V\ 
<0%mKf?Znm%.tZ>. gttJUcZntffcBcL 

[0 0 0 6 1 9 s ©* 7 v KSj55 

7 V KJI#J(VHS£. ZnSr!>x-/^ffi^P>gS£A-f5 

[0007] iistD^iimcfliplSiS©^^^ 

^<fc5K+a$E®^#aA«i£tK*&ft-o><5. it 

fci6JC. St«|i§e5<0±»c t nSG a A s ®a>P>fcS«iS 

7b vtm&mixmmya-yt urns. 

wW»jg{CfcV>-Cli, pS/nS/p$!©&lfl|i§ 
iCii'iWLT'a-yt&fToX^Zc ZO&otm&X'n 
ffib7aylrtZkZli, n®Sfi'>fc< t tO. 5 ^ 

rnsk±.<otmx-&m-rz>mtfkz. :©fc6, p ®g 

a A s Sl&&mzZOf&ffl$<D±UmmztS\,>XWtb# 
Z<03:?m&tf>kl1i&&kLX, *m#u 
—#*t-bi/>f±\z7'?7'-*-4 K^^VTv^yh 

[0 0 0 8] &SI«©{B#fc£»7nl!GaAsJg 
[0 0 0 9] W±iRWLfc,fc9'ia*« r )BaMH > 

f m<o$, < <o 1 1 1 - vtfttett¥tt#*?#mft 



fliSAt^n-fe^ffli,^*!,*®^^ ±^Lfc 
<fc 5 JStM#£ C-C^fc. 

[ooio] t>>ii>Z®m&i&*Xte£ixtt 
htoX-bi, tkbhs *©@Wli, Jfe J: •? t> Z n Sr 

«Bfc^S ttt©ttA«r«*ttfc7 a y * 1"3 £ £ t 
^-iPISBRDStORaarftftfeWCIII 

<5. 

•o [0011] 

[K8£fl?8rt-.5fc*!><D#8] +*fct>. *4S9I«>¥* 

K=¥+y? , Srt1-5®2^«S<03V^^ Hi, fifrffi 

sr 2 7 * m i<oi>'<y k** *y < 
fctts^xa^ict vmmwuztiz tot uxm 

3|«S!©^7y Kit 89153 v^:? hgiorflt, SUE 
UT ft 5 r k \c X t) $ *v$ 

[0012] ;r-e, tm^m^ u—rmatmm 
[0013] tit, mzmma. mL^yyvmi*) 

« [0014] ttM, WfEStt^Ji, WK^ 5 y Kl<fc 
») K=¥-y y7*iS/J>$ < BfrE^FlJ; ►) t^v K^P 

X ") < WE^ 9 y KJBi w<y K^-t 
[ 0 0 1 5 ] *fc, WE^ 2 m$><09 7 V KBtt. w 

w ftWiktZ),, 
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[0016] s e>K x mi.% 2 mmmo? 9 y kmoic 

£!J y5>*h7-f7*(DBNWfc, ^lSSHM^S^oy 

CO 0 1 71 MEfc6«¥*fl«tttt, G a A s 
85E8 1 9lfil!<&y 7 y KS i HUES*!-® t 
t$m%2mWM<r>9 7-> KSli, InGaAlPJRttfl. 

[0 0 18]-^, fggoSii*- 

WMftt-CfccT, HI-V«ft*ftJ|y»*«R«>± 
fc, Bllt«S©y9yKSi, SttSi, &2i»«S 

> K¥ -r y ^©/h* 2 aims<oiim«a® i 

=¥+y7'<D/h$V^2#mS©3V^^ hSSr^-TS 
[0 0 19] £fcl*. *^(D^«:u-f gt©Kit 

c . » i sms©* 5 y ki t , mm t,%z mnm 

©y y y KS t , fMEjH 2 ««S«>* 9 y KSJ: ►) t>'< 

1 0l8 C m-3£t±K-trv^$nfcpi!lII-V«{fc^ 
*»J*U IfflKpglll-Vjaslfcafc^fc 
Sd»e>StrE!&2*«£©*9y KJIfcfflBSttJIfcNE 
8l**S©y-9y KlilcZnfclfclfcttfite-fcSIg 

J: 5 «c«TE^i-/>S:^#|-i--5r fcK J; 0 frEJSIE 

[OO26] S-fcli. *«M<0^«:u— rjgfi^Kit 

#sai, «b«>6u— fyt&m-t&imfri'— ms. 

©* 7 y Kff t . g^IS^f 2 ^fliS©* 9 y Kl«t 9 fc>< 
v K** y f<Otb $ v ^ 2 ««SoaS^S® £ £RSi& 

y ©l&EBfl uU**v 1 f->?-rzZb\zi.*) ffofcWm 
JUtWRttKiyf-vmSL. lffl£Sg2iUtl>y7 
y K!HWH3tf3l8i, '>*< t>ltfl£vxy©frfj 
ffiBBP»»rBmtfclttES2l»«S!fl5y9y Kl©£ffi 
±KZ n*«2x 1 Ol8 cm -3gtj-K_f v^SftfcpS! 

III-V*tfcM¥*ft||*flMKU MEpfilll-Vtt 
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fcft*¥*fM>bttE!l! 2 «$gg©y 7 y Ki t BirES 
<4S t SUES? 1 mm®<o 9 9 y KS £ Z n £KS&ffi& 

fc8S#*«?!j05 J: 5 fcSWEy-*-/N*$MWl-a - £ |c J: 
^SSEJgffiirJgBJc-rsiSi:, SHStfcr 

[00 2 1] ii-C, B!rEtt:®:$-tfr5WffiXSli, * 

ffjtfccj:^ mRp®iii-vm{t£mmM>b 

®m 2 7 y KS t BflEiStt® t #im 1 * 

«S©^9y Kit IE Zn iatr*+ 

10022] imp®m-vm<t$®#*t*m 
omit. 0. 2 vm&.±v$>z$&mti-z. 
10023] *fc, tmp®ui-v&{t&b*mm 

»i, GaAsA»e,^5ri:Sr!l$iSt-r5, 
[0024] tit, MEv^y-li, 6f?{k->y3V, S{k 

sr^ist-rs. 

[0 0 2 5] tfcfi, fiflEv^:?!*, 

[0 0 2 6] $P>t; MEftMM & «M k &ftftttB'T 
^ytt, rvK-y^fclinl^WSK-7•Si^•C^^ 

[0 0 2 7] $?>|C, WEv^y(Djf$li x 89^^291 
«S©y 9 y Kl<0^gt±-efc5 r t Sr#»i1-5. 
[0 0 2 8] WEv^y|±. GaAs^e><f5 

[0 0 2 9] P SlII-VK^tl*»*A©)g 

^-f K9>C K$lffifiicSfe. : }'D9'f KftftAftfe. tit 

[0 0 3 0] *?8W<0III-V«fl:^«!)*»^ 
^©Kit*jfeli, l?*-^±«cMpgK«r*i-5-7^^Sr 
^fiKtSXgf:, '>/f<itWffi-7^y<DWISigp85tc 
Bffi LfeWIB^ *-/><0^®±ICZ nii!2X10l 8 cm 

-3»± K-f vy-$*vfcpsnr- viftfl:«M¥«fM 
t^-fsiei, mmp®ui-vm<tG®*aiM> 

6IWB!5'*-^«PKZn*«***5iai:» Sr«^-fc 
[0 0 3 1] -CT% MCttftd«&MGSBtt. T= 

[0 0 3 2] $5>IC. AMEr=-/HMtt. *tg, 
ifcliWEpSlII -V^fk^**«:iSr«figi- 

[00 3 3] 
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GtommwrnrnzfiLx, ^-^©usiczn 

f© h£itig«KSA//!fIII- V*ft6ft¥ 

£fcfcj:0, **-/>©i»jg©»gffcZn*»;M-a. 

fct* * J: 9 1> ti$M:l«Sfcf? b c fc 5 J: 5 fcfc 

[0 0 3 4] ffjttf, *»Wlr*«*u— r»&JBtfc 

£K£^fc*III-V&{b&^!*fc®*»l7, r©Jia> 
5>Zn ©Bffittftfc J: 9 «BlllltWK«>iStt)l^tlffeF): 
<frf 8 w tic J: 9 «tUt«rXV'IMfPtt-C»jAi-8 r t # 
-e#8«fc7lcfcs„ 

Ioo3 5] $e>»w, *»»ifc*n-cii. 'syrntwc 

Zt#?£8, 

[0 0 3 6] £TFK, *Hfia|Sr#PLoo*^©||lg 

[0037] @i&o ! ia2i±. 

*fc*>> nHll. *359i*: I nG a A 1 P£<5I&3fc¥* 

[0 0 3.8] £i\ 01 (a) IC^U 

fc<fcpK. flittftrttellftfBAft (MOCVD) ftlC 
£9, n®GaAsS«l±|C. mtfS i £ K-tf > 
^LfcnlGaAs/<y77i2, MZ-tiS i£K-e 
V^LfcKJfl. 7//mOnSl n 0 .5 (Gao.3A 1 
0.7) 0 .sP^7y Kl (n = 3~4X 1 0l 7 cm - 3) so 
3, ffittMU, «jttfZn«rK-tf^tfcBWl. 
7jimOpSl no.5 (Gao.3Alo.7) 0.5P^77 K 
€ (p = 9X l 0l7 cm -3) 5 , WtttZn&b'-Vy 
?L1tWf-5 0 nm»pll no.$G ao.sPii^MS 
6. mttiS i £ K-tfV^UUMS 5 0 nmOnSlG 
a A s yfm 7 ft****?*. 

[0039] m&mm\*, 09x1*02 u) 

JC^LfciplC, &M2 5 nmffl I no.5 (Gao.sA 1 
0.5) o.5P$lft#l' KH 6. im.6. 5nm©In 
0.65Gao.35P#Fll 7ilgj?4nmCOI no.5 (G <0 
«0.5Alo.5) OiSPMUIl 8 t A>fefc8MQW?§te 
12 0, &tfl&JI2 5nm©I n 0 .5 (Gao.sA 
I 0. 5> O.sP^fttfY KJgl 9j»>e>&3t>©&-t-8:: 

[0 0 4 0] !|M»*U— f«>*«8»iBllWK 
««Jxtfffiffi7)»6 2 0 m m©BfiagB£f?oJ: 0 h 7^ 
^©S iO 2 8*^x.tf^)¥2 00nmi:^5«t9lC 
Jt9L, w©* h^WT'ttWS i 028£v*:?i:L 
•C. m«7^:x h*S'^>'^/' < t£'lCj:9, nlGaA 

s*+y7'S7*{ < l:tfp5!l n 0 .5Ga 0 .5PiIt;®aJi so 
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[004 1] El (b) \Z7pL1t&5^ 
10£J&£-f8. Atttt£li, mZttMOCVDikKH 
©g J,fig££K £9, Zn«r2X10l8 c m-3£Ub K— 
KV^L;fcpl}GaAsg9$:gft)£gU *©&7=: 
-/KOSSrAPX-T, Zn&pSGaAsl9>5>lbnl!l 
"0.5 (Ga 0 .3Alo.7) O.sP^^y K®3©&<p£-C 
ffittS-fr. Zn#fttft**ifcMHfil O&S i 0 2 8© 

[0 0 4 2] C<OZntt«<0*((SSrMOCVDfe^fflV> 

Jaa6 5 0t-C, ffiftb LTTMG (hlMfvtotfJJ? 
A) , DMZ (^tVI/SIB) s AsH 3 SrfflV>T, p 
SGaAsJl&flxtf 1. 5/imfi££-*-8. Z 
n8g#2xi Ol8 cm -3i/j: 5 j; ? •?■© 

j£gi&g©3;*. TMG, DMZ. ASH3OM 
£»r*>, H 2 #ffla«p-e2 0^r=-^«:1-8 (> 
Itjfc, Zni5pl!GaAsl9^e>nSl no.5 (G a 
0.3Al 0 .7) O.sVtJv KJf3©&*£Tt£ScLT^ 
<. COttS(lCi9. MQWfc*£l2 0fcft#-< KSl 
6, 1 9^P>/£5ffitt«S«li, KffiU-CV^pSl n 
0.5 (Ga 0 .3Alo.7) O.sP^^y Kg5*>«fctfnl! I 
no. 5 (G80.3A I0.7) o.6P'?yHl3.2:ftdMl;. 

[0043] %&mm4 <0 5 *> v 

Zntt»ffiJg(i:S i028roTOZnA51tmU-CV»icv^ 
^©7* h^Uyt^x (PL) Rftli-tft-Wl. 
6 3 0nmt6 8 0nm-Cfe9, Z n tfeftffi^fJ* 5 0 
nm<DSSt§fk;6S|IS-C#, *«Wt LT+»fcfr«1- 

[0044] 03tt, !>x-^«B*»6C-VtfetA9 

SJ«$*v, w*vfl^««ijj«±K;s i (-vyav) <o» 

^•linSi:UTiBlit$*i8„ «oT, pK^iftlS^©^ 

0 77^«Zn©tt»^P 7 r ■iM^fS'-f 8 1 

*!i-r^i*5-et8„ isiiaKfcvvm, n^zn^fe 

-fuyr^i^h 9 , imtf Z n Srttft LTv^v>»» 
•CSJ^Lfcp§a*Y!JT»«©^n7r'r^-C*8. Z 
n OMttMHfrOli. p ffl^ 9 y Kl© p W\U *>it 

1 fcJF^fe8«iij£gc«iaflfr 4 mm c r-fe 9 , gtt«s 

*©W ^-^fk L fc^^feSS h * < M«R#|c 

^fkLfc^M«)fi«l±. *tt»««©/f*WkUfc'Ftt 
«liS*©9X10l7cm-3^f3l. 3X10l8cm-3|C 
±i59. &ttffi«4-ei,*ffi»®*|C)t'<TpS!^-<* 
VflsLfc5F«*»*lt*«IHi*LXif»8. 4fc, til 
^7-; Ki3T?^*WkLfc5F««JjS«* 5 pSA>5)nS 
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[00451 iWZn p®GaAsE9 

SIS^, *>MM«:<DZni8&«:iS<t5ia^, *>*^ 
l± p a A s 1 9 J$fi«<OH 2 7=-A'l$P ( a£fi < + 

ntt**^^*^ *3S^<Dfe 
tt«9£&, pS}Ga AsS9<OZnfifi#2X 1 0» 8 c 
m-3^±-C, t0j|j|UtO. 2 * mfiLb<D«£K, 

l o i i: iS-Cf fc. 

1004 6] *2li£Wcfcrt5±E£^7 
Iifc<*-et-«a)-efc»). Zn$rft8t£-B:$iN*#l© 

1004 7] ftm!m<r>vW9yv K®5*<DZn# 
n 7 y Ki 3 <p Kttft *«4£ti. ±SS'<7 

£-?l±fc<v P S!GaAsl9t<OZniaSSri| 
*LT, ZnOffi»«rS<1-5rijisa*LV^ £fc 
li. p S!G a A s low $ 

I0 0 4 8] £fc, *3S»Wm, pSGaAsl&lS 

[0049] zn<o%.&mtL 

T, SiftSlCZnSrK-fV^LfcpiiGaAslSrffi 
*vO»** % GaAslC|8k-ffl!l©III-V&{t&&* 

**t?t)^i^i:am^»f,n5„ ro^i-fc, pS 

III-VKft^«!i%»«:fi£fift<DT=-/Hi**»H 

[0050] 4fc, *3«S«-CI*, MOCVDS£ffiV> 
■CpSGaAs»*:riJftLTV»S^ 
- (MBE) *©to<D£,F B &ftfct?fc|§J&fc#m 
JJ>'»P>*15 0 MBE&oa-g-li, plGa Asl<Dfi£ft 
&«7=-/Hi As (St*) #H^*fcL<l±*£*T' 

[00 5 1] $<b(c, *M#j£@ffittfft<*-e.5fci6lc, 

b*>, pS!lII-V&{fc£8!**<*£j£gL-O^K5 

+6»frt*>6. £«>J:*&1|*Ctt. pSlIl-vg| 



(7) 

[0052] El (c) I^Lfci^lw, pSG 
aAs®9£x5>?->'n:<k»)l&*U Si0 2 8<D§8 
PSHCpSl no.5 (Ga 0 .3A 1 0 .7> Q.sPtJ? Kl 
5WZni£»fi«l OfcBffl;*-**, 

[0 0 5 3] r<D|S, 01 (d) fc*LfcJ:$K, S i 
0 2 8&®9&2n®GaAs 7$rBtH$-fcrt:&, 

yS?*h5*3't:»drtv«<, «|jtlf«4. 
5pm-CW$2 00nmro^h7^^S i0 2 l 1& 

[0054] 01 ( e ) IC^LfciptC. *)>7 
-I'T'iKS i02l l£^**t LT, nlGaAs7i 
pSl no.sGao.sPiiSSaieSr^yf-V^tTIR 

[0055] 01 (f) {ZmLttj:?^ *h7 
-YT'tftS i 0 2 1 lfcv^KLT, PlIn 0 .5(Ga 
0.3A1 0 .7) o.5P*?y Fl5«r!lyi?^h9-f5^R 

20 2 5/imlC^$n5. 

[0 0 5 6] fcfc, 02 (a) fc^Lfc«fc nlG 
aAs (n = 2X10l8 cm -3) m^ p y^JgfcfUl 

[0 0 5 7] 02 '(b) fc^LfcJ:?^ *h7 

<<7*tt<DS i0 2 l l«rxy^y^|cJ:0«OHt<. 
[0058] 02 (c) K/TbfcJ;5KnSG 

aAs 7Sri S '^v^lc: < t»)Sit)^<ri:lcJ;t), P S! 
I no.5 (Gao.3A 1 0.7) Q.sW? V KJS50>y y*J 

» n 0 .5Ga 0 .5Pa«^l6iSSWtytJgi:/£5. 

[0059] 02 (d) K7pLfc.fc3lCp®G 

aAsay*'^ H (p = 2X 1 0l8cm-3) 13Sr3 
MraJgfigU pfflfffiiUAuZn/Au 1 4 5r^ 
U nffiSlffii UAuGe/Au 1 5Sr^-f5. $ 

^5«cm $n5«S^J5fe-f 5 i £ t A ►) V— f 

[00 6 0] 02 (e) J±, *HiSWcJ;t}^fig$ixfc 

ZX 1 )^ V— !f(03taiW«gSI^I±Znltf:»^J;5«ffi 
«1 OjJSfl^ft-CfciJ, iWit±lil±, pSlno.5 
Gao. 5 Pa«^®6Sr^$-flCii[Spai n 0 .s (G 
a 0. 3 A I 0. 7) 0. 5P 9 J V 5 t pS!G a A s 3 V 

K#S«rd*iS. -tixic^LT, Z n t£«ic®« 1 0 m 
<OV ly4-7±.\Z\t s pSl n 0 .5 (Ga 0 .3Al 

0.7) 0.5P*7yKi5tpiGaAsa>^?Hl 
so 3co^lC«^rfl-'<> K^-r 5'7'i*/^-«r}*opi!l n 
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0.5Ga 0 .5PiimSSi6^^4t5ri:IC < t») < ftff 
»*. ZnW&iftl;:J;$&$&dS^fi£$iv U)»fc, r<D 

[00 6 1] *JHM*|c J; 5 #e>nfcKB*aASS!« 
asHlflcu— y«, #gSgg8OO0iii, ^l^-fT**! 
Sum, MffiSW* 1 0%, g®KStif5 9 0%|CT, £ 
8 0nm-eSSL, 1 5 0mW$tCOD©« 

[0 0 6 2] ttfcM-ra, BOM* 4 fit, MQWSfe 
i204jfc#-f K«16. 1 Q-CttftdJl-O'S*. * 

fc®?fcfttfvvfii,£ffl^Tfc J: < , MQWfiH4S-e«: 

[00 6 3] *fc, **««9-Ctt, 8iB&ftl±6 8 0 n 
m-Cfcofc!}?, , MQW&ttl 2 0 ©fcigfciglCIfttS 
wit J: 5 Xgttft*IM6-rS r 4 #4 t?S , 4©fcft 
tfcfcHT fc Z n m.\Z i. o -CgteSSBIi^fc < 4 P 
LiKgic LT 2 0 n mW±liSSt^b U &g[#4 LT 

[00 6 4] &*. s \o 2 %mm 

KZn&2X 1 Ol8 C m-3«±K-fV^LfcpS!Ga 
Asl9£iIiRj5;gU ■£<0&7=-*Jttg£Jfl;i't, 
ZnSrpSGa Asl9^t,nSl n 0 .5 (Ga 0 .3Al 
0.7) o.$P*7-yb'M3<0&q£X'&ft£lt, Zn&Sc 

fc, S i 0 2 8©BS|Clgi!#©pMl no.5Gao.5PaS 

[006 5] (H1S«S|2) **^<0^2<0||l6^ 
Ko^Tt&Kt*. @4&tf05l±. *3g9Jt::J:S352 

*«W«r I nG a A I PJR^TftjfeiNt 

10066] *^ji«siic*j^Tt, nifautttm 

fc, *T, BU (a) I^LfcipK, Wffi&H&fcric 
ft (MOCVD) )SfelCj:!9 x nSGaAsSSliir, 
AxtfS i*K-^LfcnlGaAs/<y77l 
2. «*tfS i SrK-fV^tfclSMt 1. 7/im©n§! 
I no.5 (Gao.3A I 0. 7> 0.5P^7-y Kl (n = 3~ 
4X10l7 cm -3) 3> J£ttfttt4. fUtfZntrK- 
^UWl. 7//mOpS!l n 0 .5 (Ga 0 .3Al 
0.7) 0 .5P^7y Kl (p = 9xlol7 cm -3) 5. A 
xtf Z n Sr K- tr > 9 LfcKff 5 0 n mCD p 5! I n 0 . 5 
Ga 0 .5 PiSS#Sl6, MtttS i £ K-fV^Lfc 
7,!mWnSGa A s j/7l 7 

[0 0 6 7] ;:-c, SttfiUSUli, ea)x.«@2 (e) 
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I^Lfc«t5l^ KJ?2 5nmroi n 0 .5 (Ga 0 .sAl 
O.S) o.5P^13t^ K116, RW 6. 5nm<0In 
0.65Ga 0 .3sP#Fll 7£&J?4nm0I n 0 .5 (C 
ao.5Alo.5) 0.5PK^®1 8ii>f>!t5MQW^tt 
12 0, &U t ^Ht2 5nm(DIno.5 (Ga 0 .5A 
1 0.5> 0.5PS2)tX/-< Kll 9*>f,^5fcOii-5C 

[0068] *3ttfcfftftt£ I1t% 1 <oH&0!l4&fc3 
/Kt*, nlGa As#-lry7'l7<Oi?$^pS^?y K 

*H»W-Ctt. -*SI4LT*?y Kl9 

[0069] r©fu »10jfti«|4H«KLT,- 
flc I — If «>*««JgffijC3pfTlC« *.«f 4Sffi*» 2 0 n m 

iOII(2 0 0nai4*SJ:*tlJMtU ;:<OxK7-f7* 
±<OS i0 2 8Srv^^i:UX, fl|*.tf!>xy |.iyf 
^fc4*KJ:?>, nSGaAs** 5 ':/!7*Jj;U'pg! 

I no.sGao.sPafi^Sle^aiy^y^-f-^ 

»> [0 0 7 0] ftvvt, @4 (b) iC^Lfciplw, *h 

i028«rxy^y/cj:9Htjsu MO 
CVDtefctfOttMUHSICJ:!), Zn^2X10l8 c 

m-?K±K-tV^tfcpfflGaAsJi9trjjl*L,> 
«5Sr=-/i/tegSrJo*.r, ZnfcpSGa Asl9rt» 
?>nl!l no.5 (Ga 0 .3Alo.7) 0.5P^7y K13© 

ZriSrtt^pSGaAsl9i5JtS(t5<0-C. Zn*s 
p SG a A s 1 9 Sri>lb nSG a A s 7*1 7 IC <{> 

[007 1] W>U pH*7y Kl5»|gJ?0'>^< 

I I *^W±<OBWS: n MG a A s # + y 7 m L 
X^hti. Zn©ti»ttp§a^7y Kl«fCJk*!), n 
iGaAs^y/iT© TB?©gttffl« 4 li Z n t£ft 

[0 0 7 2] *$item&&K. nlGaAsH?^ 

Z nO&SclinSG a A s *y y?m 7 'f'-CISi: A/iTih 

40 0 jJSS^WI- n g G a' A s * * 7 71 7 0R| n ttCSA 

[0 0 7 3] ^XlfeMOtt^t,, ffitt®«4Wpt,, Z 
nttft«#in!GaAs**5'7JB7TfflW>Znas«: 
»LTk»!cv^«©7* h/ws^y-feVT; (PL) Rft 
ttttl'-eii. 6 30nmi6 80nmi/i5, 
ttfl t Z n ttft®«T?li 5 0 n m©SSc6{t* s 

50 ixfco 
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[0074} *3MtttfcfclrvCt». ZnAW&tZmZ 

U %lV>nmk*%<&t£bM.\t, plGaAsI 
9 1>> b n m G a A s * * y 771 7 \Z Z n L X L * 
•PO-C, Zntt»W51fttelinSGaAs*^:y7*l9 

■ MWttlHMM**, Z ntt!toiIiRtt«i&< 
5„ nSGa A s gfcJSSl^ pi??yK 

[0 0 7 51 «r»T, 04 (c) I^Lfcipl^ pS 
GaAsfg^nlGaAs 7 V^lCt 0 

pSl no.5Ga 0 .5Pa«^®6(OMaSP{w 
Zntttt®«10«r»ffl$-e-5. 

[0076] 04 (d) lc*tfcJ;5l^ 

5«m-CJ?$2 00nm<0*h7'r7'#S iC>2l l£ 
pSl n 0 .5Ga 0 .5Pa«;^l6<O^ h7>f T'tfWKl 

p mztt Lxmz-tz x ? 

[0077] fcCl, 04 (e) |C^Lfc«t5lw, 
-fT^S i0 2 l lfc^^fcl/C pSlnojGa 
0. 5 Piia^gl 6 Srs y 1- y? L r* •? & < , 

[0 0 7 8] 04 (f) K*Lfc<fc5J~, 
•Y7"#S i0 2 l lfcv^lCbT. pSlno.S (Ga 
0.3A 1 o. 7> 0.sP*7-y h'SSbx-yf-yfLX!) v 

$0. 2 5 m|Cj&£-f 3. 

[OO7 9]fclC.05 (a) |:*LfcJ:5IC. niG 
aAs (n = 2X10l8 cm -3) Mffi-fa yyMZ V V 

[0080] fclc, 05 (b) fcjj*LfcJ:5fc. * Yy 
i0 2 l l&*y^r-K2:')mm<. ttt 

pSl 110.5 <Ga 0 .3Alo.7) ^V9yy K/B 
3<oy yi?*h?-f7±fcli, ntt»S«10%BHP6P 

pS I n 0 .5Ga 0 .5Pa«^l6i6SRai-r5. 
[00 8 1] r<0«, 0 5 (c) pS 
GaAsa^ni (p = 2 X 1 0 18 c m"*) 1 3 £ 
3#im$J&U piISiLTAuZn/Au 1 4&M 
ritU nffiJUli: LTAuGe/Au 1 5&Mf$,LX* 

[008 1] 05 (d) li. **Jfcfl£j:9fftftS*l*: 

[008 2] *«16«C*JV^rt, ffitt®&4li> MQ 
W?5«:l2 0i)fc#-< KSl 6. 1 9-?JiM$ix-0\fc 



75 

K J: O^V K¥ + y5 f a*A'A ! -Oi|**SfiC OPUS! 

[0 0 8 3] t tL, *g«W?li. 6 8 0 n 

mtiotf, MQWffittl2 0Ofl|jglC < i:!J«g$cfi 

HSflfcfc-etS. ret?, ifroKS^icfcv^tZntt 
[0 0 8 4] £Ui, A«:tSlSr#Ktoo*5IW<D^li6ro 
[0 0 8 5] Bttfcft$-fr5*l|ifi«!lli> ZntC 

IWESJvr, ■?>r*>s v -^ ^tj) y 

#KS*A, *ffifc£<DplPF*6^ i/lfav, 1" 
■f, ttft. -buy. 7**&£Ona^ttl*&?t>N« 

[0 0 8 6] *fc, pSTlffi^BfatmS-ttSfcaro 

fc t> © t m&<ommz z t 5. 

^©*«©III-ViHI«Mfc!|y»»«f-t#LTPIttfc 
Z n^if<0 K-/< v h ^riSSt iffifftt-CBfltt 
[008 8] 

•5 t>ft\<wiimx'9x~^mmxi-zzk&X'2 5. 

«*«, «J fcfifi. fi»tffl-Cii;^fiS»Zn«:^ 

[0 0 8 9] *ISWIcJ;Hfi. sMfftu-ifo* 

»Mt LTZ n «r«fcjMrr*III- V*fc***» 

40 B»fcr©Znlr#*fc*#t-8III-Vjfcft*«i|i» 
fcS£#«LTZn£ttft*#-0*<. ftJlEflOZnO 
*Zn«)ttttjIS^fflV»5»^, Zn(0*£ft-f5^*«rft 
fe-C^fcOjJS, Zn0im&<07~-A>tmkT=.-A' 

**fc**1-*iiiv«ifl:^«*i»*Wi«)WS kzn<r> 

0;%mt>mtt\Z^yt-t> k LXtiOfrZ, 
[0 0 9 0] mz y ZnO^lrfilCgaL-Cli, ZnS:# 

f^!l<7)ZnSr^ ; tL•CV^^)lA^WZn^t 
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10 0 9 1] *fc. **WKJ:*itf, i'ys'Klirav 

mmt Z <0***7' n Mte ± 9 «»s#£A t ft 5«ig«r 
£5 rile J: 9, ft«tt©il5v^fllitt'— tFSrtHHre* 

tt. £ * 9 s> Kl k => v * * M©«Bc 

igfcfc*. ritWu &3fc©giSS??#ftU:<fc9fM$*tfc 

[03] 0*w>ajBj»»bC-VifefcJ:9MeLfc'f* 



[01] 




(10) 

/* 

$t«l»5XS0-CS>5. 

105] *^ICt5»2©*3«*i'— fwKit^ffiSr 

1 nlGaAsIfi 

2 nSGa As/<y7rS 

3 nSl n 0 .5 (Gao.3Alo.7) 0.6P^7-y KS 

4 i££g«$ 

10 5 pSl n 0 .5 (Gao.3Alo.7) CSP^^-y Kl 

6 pSl n 0 .5Gao.5P»i®S£® 

7 tiSGa As*t'^i 

8 Si02^** 

9 ZnSrSSftgt^A/fc'pSIGa Asl 

10 znmmm 

11 Si 02^^^ 

12 nSGaAsfPfE^Pj/^S 

13 plGaAsa^ni 

14 AuZn/Au pffiSSS 
20 15 AuGe/Au nfflj^ffi 

16 1 n 0 .5 (Ga 0 .5Alo.5) 0.6P®1*^ KS 

17 I n G a P#F1 

18 I no.5 (Ga 0 .5Alo.5) O.sP^iSl 

19 I n 0 .5 (Gao.sAlo.5) 0.5P*23fc5tf4 KS 
2 0 #lft*#FSffl§ 



[02] 




1 < . •' 



ft 11-284280 



(11) 



[133] [04] 




l%ftB) ¥&l 4¥l£ 2 50 (200 2. 1. 25) 

t^BHStl ftWl 1-2 84 2 8 0 

lmU\ Wcl 1^10/3 1 5H (1 9 9 9. 1 0. 1 5) 

(¥19ft) Hmm:® 1 1-2843 

imm] 1WP1 0-8 34 2 7 

immmimmm 

HOIS 5/30 

H01L 33/00 
[FI] 

HOIS 3/18 

H01L 33/00 C 

Itlttl B ] 13^6^110 (2001. 6. 1 
1) 

i%E4**fts«] mm 

[mum 25 

'wbemm- 
mm*<om\ 

mm n*i iraaettttt^ttftsc t . * 1 « 

7 y KSi ►> fc/<v rflfifr* <IWB 

v^2*«i!©iiSgBli:, Srfiix. igS^bu— 

«WBtB*iJ:VtOiS»K*ik»Ttt. HtE*2$«gtf> 
9 7»;\ ! mbtimz»9>r Vmkim&XsX&mH^ 
B.r>mt%2*QgLv>97v KStlJIBay^^ Hi 
©#E£*i 5 ^ p NtKC J: 9 *«E^»ffl $ H 5 1 © 

tm&wmmamic&^xK. mm2*m.<r> 
tJvh-mtMtt^yfir ygko>ffl^ meat** 

Stftf-fc LTft$ wil^J;*) i§ma 5 teii $*t* i><ob L 
Iffi*«2] me*** u-lf &K©iltiEi8E*3 «k * 

ft. 

*A>*-\ztt&?z,s<> K¥+ rile J: 



imm ] SaiEffittlli, WE* 5 y K! J: 5 t>/<> 
K¥-v y7&'bZ\,WF&k®m9 7 v KB J: 9 t>'<v 
K** yrtfrhS < lftE#Fl<fc *> fc/^ K*-v yT'tf 
* t ^PtgB t ©#1« jgfl> f, ft <5 if £• 

*rt * c t sr^iat tznm ntnt2 \cm<om 

IK#«4] WESttSHu t&E*7y KSiD V<> 

K¥* ?WS < ffirE#FlJ: •> K** yT^ 

i, flflE^fif^Ffcitro^^vK^+yT-*^ 
*# < WE* 7 y KJBi 9*&fr vO> K¥+ s'7'4-*-f 
53t^Klt. Sr^1-5rtSr1#»i-r-5JS*ai~ 

[IW 5 1 WE* 2 SSi!©* ? y Pgli, WIS 
^©»Ul$H5*l6llc?So-C^tclIi:A5|p:v>t<Oi: 

i"5SS*« l - 4 ©v vf *v*> i o\zfSM<OHm# u—tf 
6 ] ME* 2 9 v Kl^WE !; y 5? 

^ftSW $ HX ft Set Sr#»i 1" 5 E«ro 

7 1 ffiBfls4«^«{t««tt. G a A s *>5>ft 

MEJHi»«Bo^?y KltWE«ttSiWE*2* 
mSf©^ ? v KStt, I n G a A l P5K$t!|4*>P>ft5 1 
i 1 5St*« 1 - 6 <n\ ^-fiifr l olcffit©* 

in -vwk**j|i*#«K«>±fc. mi*mt!<D^7 
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g 2 »ttswiimssi t m&m Lit t 

IfcSffiKBffl^tfaxgi:. 

wiesai$*fcitrEg 2 »«§i©7 7 s/ ki t neat 

Ill -vttft6**ttft£K«>.klc. fgi$«s©*7 
»Mi, flHtSt, S52**I!©*7y Kit, MB 
flt 2 *«§!©* 9 7 Kl <fc 9 t K*+ 7 7*>fr& ' 
ft 2 $®I!©iie§&l fc SrJgifc«l Lfc*x-^*» 
&t5Xgi:. 

xst, 

n#2XiO 1 8 cm-3^JbK-tTV^$lxfcpi!lI 
I -Vlftfl^WfNItMtU ttEpSHI -V* 

Sttl ttBft 1 $S1!©7 7 7 Kl £ KZ n SrJG&tt 
ttSttSXgi:, 

HfcE-v* 7 ©fffiiESi p * Ji-Cfc »fc«»'T»HB C 

fc. 

&. 

in*mi o] ®(Bfrt> u—f%&mtz*m#i'- 

in -vm<tG$>*mm<o±.^ ftmnrnw? 
vh-Mt, mmt. %2mnmo>r7vvmb. wis 

ft 2$mS©7 7 7 Kl £ 0 fc^V K¥* y7*©/h£ V> 
ft 2 i*«K©jItt5ggl t fcKS&Sl Lfc * 

Xg£, 

BtE-r 7 7 ©MIEM P«PSri 7^V7*1-5 r. £ let *> ffl 
7 7 Kl£»ffl$-&SIgi , 

t t>m?5v^ ; 5'©fliiiaMqa5t-BaiufcfiiisaiB2 

9II«^7y Kl©^gi±ICZn!6S2x l 0 1 8 cm 

-aRkK-K-y^ixfcpSiii -v*fc***J»* 
■ *»*U BtHEpSHI -V*fc*fc**ftt»&lttE 
ft 2 $«St© ? 7 y Kl £ MEffittl t ffiEft 1 *«9 
©77y KlifcZ n^WS&teft^-ttSXgi:, 

* * ©WEBB P SJiTV *fc»»-eiWB 7 

x-/N*r&tH-S wtlcj;*) MEttiK*Kj&1-*xa 



(2) 

&. 

t!it#£l lj BdEttftS-ttSlfflEXgli. **. 8 
ft. tfctt^SEpaill -Vftfeftft¥ftfrl*ftjjjtt- 

2 *«§/© 777 ki k Bwasiti i ttejR i sms© 

7 7 7 Kl t K Z n *J|*ttft $ -fr 5 ieS:*1- 5 r £ 

'o gftes&m 

mm I 2] li&EpSlII -V&ffr&^illfWI©! 
Eli, 0. 2 vm&.±VhZ*Z:®&ktZ®m9>>' 

ft, 

3] ffiSEpSlII -VSKb^*»ftlli, 
GaAs*»f>fc5Ci:&#j8£-*-$St#Jg9~l 2©^ 
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